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Comprehensive map of the genome: 
single nucleotide polymorphisms (SNPs) 

https://learn.genetics.utah.edu/content/precision/snips



Genome-wide association studies (GWAS)

https://www.researchgate.net/publication/221929527
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ENDOCRINE CAUSES OF 

HYPERTENSION 

▪ Endocrine HTN

 Adrenal Hypertension 

 Hyperparathyroidism

 Hyperthyroidism

 Acromegaly; growth hormone excess



ADRENAL HYPERTENSION 

    Adrenal Cortex

▪ Cushing’s Syndrome

▪ Primary Hyperaldosteronism

▪ Congenital Adrenal 
Hyperplasia (11β or 17α 
deficiency)

▪ Familial Glucocorticoid 
Resistance

▪ Apparent Mineralocorticoid 
Excess 

   Adrenal Medulla

▪ Pheochromocytom

a

Low Renin 
HTN



Cushing’s Syndrome 

• A symptom complex that reflects excessive 
tissue exposure to cortisol

• The diagnosis cannot be made without both 
clinical and biochemical signs of 
hypercortisolism



• SIGN/SYMPTOM % SIGN/SYMPTOM   %

• Decreased libido 100 EKG abn/atherosclerosis 55 

• Obesity/weight gain    97 Dorsal fat pad  54

• Plethora     94 Edema   50 

• Round face  88 Abn glucose tolerance 50 

• Menstrual changes 84 Osteopenia or fracture 50

• Hirsutism     81 Headache   47 

• Hypertension  74 Backache   43 

• Eccymoses  62 Recurrent infections 25

• Lethargy, depression 62 Abdominal pain  21

• Striae   56 Acne    21 

• Weakness  56 Female balding  13

•  

• 

Signs and Symptoms of Cushing’s



Body Habitus



Facial Fullness



Photographs



Continuum Of Clinical Certainty

Dorsocervical hump

Simple obesity

Gonadal

Psychiatric

Cognitive 

Weight 

Skin

Hypertension

 

Purple striae

Osteopenia

Weakness



Biochemical Tests For Cushing’s 
Syndrome

• Guidelines from the Endocrine Society 

(J Clin Endocrinol Metab June 2008) 

• UFC greater than upper normal range

• 1 mg Dexamethasone suppression test 

- Cortisol >1.8 ug/dL

• Bedtime salivary cortisol - cutpoints 

differ (> 4 nmol/L)



Causes of Cushing’s Syndrome

Exogenous Endogenous

Most common cause of 

CS

Factitious or iatrogenic

Glucocorticoid or 

ACTH 

ACTH-independent (20%)

• adenoma or carcinoma

• rarely, bilateral hyperplasia

ACTH-dependent (80%)

• corticotroph adenoma (85%)

• ectopic ACTH secretion (15%)

• rarely, ectopic CRH



Lacroix, Felders, Stratakis, 

Nieman; LANCET 2015



Primary 

Hyperaldosteronism (PA)

▪ Aldosterone production inappropriately 

high

▪ Aldosterone production relatively 

autonomous

▪ Aldosterone production non-

suppressible by sodium loading 



Primary Hyperaldosteronism 

Disorders

▪ Unilateral Disease

 Adenoma (APA) vs. Hyperplasia (PAH)

▪ Bilateral Disease

 Adenoma (rare) vs. Hyperplasia (IHA)

▪ Aldosterone Producing Adrenocortical 
Carcinoma

▪ Genetic Diseases

 Familial Hyperaldosteronism type I 
(Glucocorticoid Remediable Aldosteronism)

 Familial Hyperaldosteronism type II)



Groups with high prevalence of 

primary hyperaldosteronism

Moderate/severe hypertension

(stages based on JNC 7)

Overall: 6.1%
Stage 1 (mild): 2%
Stage 2 (moderate): 8%
Stage 3 (severe): 13%

Resistant Hypertension 
(defined as BP of < 140/90 despite 
treatment with 3 anti-hypertensive 
meds

17-23%

Hypertensive patients with 
spontaneous or diuretic induced 
hypokalemia

NA

Hypertension with adrenal 
incidentaloma

Median 2% (range, 1.1%-10%)

Case Detection, Diagnosis, and Treatment of Patients
With Primary Aldosteronism:  An Endocrine Society Clinical Practice Guideline



The Renin-Angiotensin-Aldosterone 

System

Angiotensinogen

Angiotensin I

Angiotensin II

Aldosterone

NA+/H20 

Retention

K+ excretion 

ACE ACE-I

Spironolactone

Epleronone

AT II 

Antagonists

Renin

Elevated BP

K+



Diagnosis of Hyperaldosteronism:

Clinical Presentation

▪ Hypertension is common ranging form mild and 
intermittent to persistent and severe.

 Normotensive primary aldosteronism has been 
described but is exceedingly rare. 

▪ Hypokalemia 

 frequent cramps, fatigue, muscle weakness, nocturia 
and polyuria. 

 Metabolic alkalosis may be also present. 

 Renal Cysts

▪ Adrenal incidentaloma

▪ Hypocalcemia (rare): paresthesias, prolonged QT 
interval

-Absence of hypokalemia does NOT exclude the diagnosis

  -Normokalemic  hypertension is the most common

    clinical presentation 



Screening 

Aldosterone to Renin Ratio 
(ARR)

-PAC/PRA -

> 30 likely diagnosis of PA
< 20 unlikely diagnosis of PA



Pitfalls in Diagnosis
▪ Renin assays

▪ Lack of assay precision at low levels

▪ Lower limit, e.g. <0.6 vs 0.2 

▪ Variability in measurements 

▪ Time of day, food intake, posture, tumor 
production variability

▪ Medication interference

▪ Potassium level

▪ Hypokalemia suppresses aldosterone 
secretion

REPEAT THE SCREENING TEST (ARR)



Anti-hypertensives used during 

screening and confirmation of PA

Verapamil 
slow-release 
non-dihydropyridine calcium channel 
antagonist 

Prazosin hydrochloride 
alpha-adrenergic 
blocker

Doxazosin mesylate
alpha-adrenergic 
blocker

Terazosin hydrochloride 
alpha-adrenergic blocker

Hydralazine 
vasodilator

90-120-mg twice daily

0.5-1 mg two to three times daily, 
increasing as required 

1-2 mg once daily, increasing 
as required 

1-2 mg once daily, 
increasing as required

12.5 mg twice daily, 
increasing as required



Hyperaldosteronism: 
Differential Diagnosis of HTN and Hypokalemia

Renin secreting tumor

-Renovascular
-Hypovolemia

-Vascular (other)
-LFV

high aldo
high renin

Ectopic aldosterone secretion

-Adenoma
-Hyperplasia

-Familiar (GRA)
-Carcinoma

high aldo
low renin

-Epithelial Sodium Channel
(Liddle's syndrome)

-CAH: 11 and 17 hydroxylase
Glucocorticoid resistance syndrome

-Licorice
-11 beta HSD mutations

-DOC tumor
Cushing Syndrome (cortisol)

low aldo
low renin

Suspicion of secondary hypertension
related to the RAAS

Suspicion of 2° HTN 
related to RAAS

-Adenoma
-Hyperplasia

-Familial (GRA)
-Carcinoma

high aldo
low renin



Primary Aldosteronism Dx Algorithm 

Unilateral - 
SURGERY

HTN and/or Hypokalemia

Screening 
Aldosterone/Renin ratio 

(ARR) 
*upright position*

Confirmatory Testing
Saline Suppression Test
Oral Salt Loading Test

≥30
Likely

< 20
Unlikely
 

Adrenal CT

Surgery not desired
Surgery desired

Adrenal Venous Sampling

Bilateral 
Treat with MR antagonist 



Necessity of Adrenal 

Venous Sampling (AVS)

Mathur A et al. J Am Coll Surg 2010
Nwariaku FE et al. Arch Surg 2006



Familial Forms of PA

▪ Familial Type I : Glucocorticoid Remediable 

Aldosteronism (GRA)

▪ Familial Type II : APA or BAH

▪ Familial Type III-V : Recently described



Glucocorticoid Remediable 

Aldosteronism  (FH type I)

• Autosomal Dominant

• Defect:  Cross-over of genetic material 

between highly homologous genes that code 

for the enzyme 11β-hydroxylase (CYP11B1 – 

catalyzes last step in cortisol synthesis)  AND 

the gene for aldosterone synthesis 

(CYP11B2)

• ACTH-responsive promoter fused with the 

coding region of CYP11B2 allows aldosterone 

synthesis to be strongly regulated by ACTH



Aldosterone
Synthase

11-Beta 
Hydroxylase

Corticosterone

Aldosterone

Deoxycortisol Cortisol

ACTH

Aldosterone
Synthase

Aldosterone

Zona Glomerulosa Zona Fasciculata

GRA



Stratakis Lab, NICHD, NIH

A novel genetic locus for low renin 
hypertension: familial hyperaldosteronism 
type II maps to chromosome 7 (7p22)

J Med Genet 2000;37:831–835 







CLINICAL PRESENTATION OF AN NIH PATIENT

• 19 years old F with de 

novo germ line KCNJ5 

mutation (p.Glu145Gln) 

leading to bilateral   

adrenal hyperplasia

• Complications of 

hyperaldosteronism

     - chronic kidney disease   

     - proteinuria 1.9 g/24h

     - aortic root dilatation

• Post-operatively -  

standard dose of 

fludrocortisone not 

sufficient to control rising 

potassium

Left adrenal, 100x Left adrenal, 200x

Right adrenal, 100x Right adrenal, 200x



J. Clin. Endocrinol. Metabol.
2016; 101(3): 999-1007 



PHEO: Important Facts

▪ Not diagnosed in at least 50% of patients (autopsy 
series) (“great mimic”)

Key to diagnosis:  Think of PHEO

HTN, tachycardia, pallor, sweating, headache, feelings of 
panic or anxiety are most common

** PAROXYSMS**

▪ Malignant: in 15-36% of patients, no reliable 
markers, no effective treatments

 



Sinus tachycardia Large intracerebral hemorrhage Ileus

All patients with PHEO/PGL must receive  () receptor blockade.

The concentrations of catecholamines in 
PHEO/PGL tissue are enormous 
(more than 1000 x higher than in plasma),
creating a volcano that can erupt at any time 
(storm, attack, spell).

PHEO/PGL as a volcano



PHEO: Sites of Origin

adrenal
PHEO

extra-adrenal
PHEO

head and neck 
paraganglioma



PHEO in Syndromes

▪ Von Hippel-Lindau Syndrome
 Adrenal medulla, norepinephrine producing 

tumors

 Up to 25% of patients will develop PHEO

▪ Multiple Endocrine Neoplasia 2 (MEN 2)
 2a – adrenal medulla, epinephrine or epi-and 

norepinephrine producing tumors, 50% 
bilateral

▪ Neurofibromatosis (NF1)
 2-5%

 Epi and norepi secreting tumors



Fp

(SDHA)

SDHB

cybS  

(SDHD)

cybL

(SDHC)

Q-.

FumarateSuccinate

Succinate dehydrogenase gene family mutations
Oxidative phosphorylation (oxphos) in mitochondria

Shift to glycolysis: Warburg effect
(production of 2 ATP vs 34 ATP
by oxphos/Krebs cycle):

PHEO/PGL

Pseudohypoxia 
or   another 
signaling?

Pseudo-
 hypoxia
promotes
GROWTH

The PGL syndromes: genetics



Characteristics of 

SDHB/D-related PHEOs

SDHB PHEOs

 > 95% extra-adrenal, often secrete NE and DA

 Malignant at initial diagnosis: 30%; follow-up: 
> 90%

 Family history: 10%

 Younger age of presentation

SDHD PHEOs

 Most of them present as head and neck PGLs

 >90% do not secrete any catecholamines

 >99% benign

 Younger age of presentation





• Endocrine hypertension, especially primary 
 hyperaldosetronism is more common than 

previously thought

• Most of these disorders have a genetic background

• Pheochromocytomas and/or paragangliomas
 should be actively sought; they are often
 the result of genetic mutations 

SUMMARY - conclusions



Approach to a patient with

hypertension and a genetic form of 

adrenal hyperplasia



Bilateral adrenocortical hyperplasias associated 

with ACTH-independent Cushing syndrome 

McCune-Albright syndrome, MEN1, FAP

MMAD, AIMAH

PMAH

Single large nodules

and inter-nodular atrophy  

Multiple small and 

larger nodules and 

diffuse hyperplasia

Pigmented

Non-pigmented

•Isolated PPNAD 

•PPNAD with CNC

•Isolated (iMAD)

Macronodular

Micronodular



MMAD/AIMAH/PMAH

Single large nodules

and inter-nodular atrophy  

Multiple small and 

larger nodules and 

diffuse hyperplasia



1939 1944

1949

1951

1956





Macronodular hyperplasia in the
context of a tumor syndrome 

• Typically clinically silent adrenal masses that 
are detected incidentally with imaging studies 
conductedas part of the inevstigation of 
MEN1, APC, HLRCC, other

• Risk for cancer higher; occasionally functional, 
mostly subclinical CS 



4.2 x1.4 cm
3.8 x 2.3 cm

MMAD in HLRCC syndrome: associated with FH mutation

Matyakhina et al. JCEM 2005



FH Mutation

• A germline mutation in the FH gene was 
found.  It consisted of a 7-base pair 
deletion at nucleotides 782-788 and led to 
a premature stop codon at position 261 of 
the protein.

• The mutation segregated with the disease 
in the family







MMAD/
AIMAH/
PMAH: 

gene: 
ARMC5

N Engl J Med 369;22;Nov. 28, 2013

Armadillo Repeat Containing 5
 (ARMC5)





Correa et al. (2015): ARMC5 gene shows extreme genetic variance 

Correa et al. Eur J Endocrinol. 173(4):435-40, 2015



Correa et al. Eur J Endocrinol. 173(4):435-40, 2015

The ARMC5 gene shows extreme genetic variance: 

each nodule with a “private” second hit



ARMC5 gene shows extreme genetic variance 

Eur J Endocrinol. 173(4):435-40, 2015







Conclusions:

•  Genetic studies in isolated MMAD/PMAH identified a gene, 

 ARMC5 that explains half of the cases 

•   Food-dependent CS is not explained by ARMC5 mutations

•It is not unusual to have combined aldosterone overproduction

•ARMC5 may be involved in primary hyperaldosteronism

•  Some of the affected adrenals produce ACTH, adding to the

 complexity of the work up

•ARMC5 mutations carriers: often asymptomatic !



67

Hypertension. 2019 Apr;73(4):885-892

Misha 
Zilbermint 
(now at JHU)

Andrew 
Demidowich
(now at JHU)

Crystal Kamilaris

Fady
Hannah
-Shmouni
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No mutation: 
44

78%

Damaging: 6
10.7%

Benign: 6

Results: ARMC5 mutations

69

*p=0.0023

Age =50.7 (±9.6) years
Males=60.7%  



• We looked at chr16 CAAPA reference dataset for SNPs in ARMC5 gene region 100 kb 
upstream and downstream (hg19 positions chr16:31369010-31578488).

• After removing multiallelic SNPs and applying Genotype quality and Depth filters (GQ 20 
and DP 7) and keeping only African American individuals.

• We have, 446 individuals and 3791 SNPs in ARMC5 gene region.

• Summary for two interesting SNPs in ARMC5 gene region rs116201073, and rs9921490:

ARMC5 gene in CAAPA African American individuals

SNP hg19_POS CHROM ALLELE.FREQ ALLELE.FREQ P_HWE Missingness rate

rs116201073 31477442 chr16 T:0.93722 C:0.0627803 1 0

rs9921490 31473376 chr16 G:0.860987 T:0.139013 0.232 0

The Association of ARMC5 with the Renin-Angiotensin-Aldosterone System, Blood Pressure, 
and Glycemia in African Americans. Joseph JJ et al.. J Clin Endocrinol Metab. 2020 Aug 
1;105(8):2625-33

Misha 
Zilbermint 
(now at JHU)

Andrew 
Demidowich
(now at JHU)

Crystal Kamilaris

Fady
Hannah
-Shmouni

https://pubmed.ncbi.nlm.nih.gov/32436940/
https://pubmed.ncbi.nlm.nih.gov/32436940/
https://pubmed.ncbi.nlm.nih.gov/32436940/
https://pubmed.ncbi.nlm.nih.gov/32436940/
https://pubmed.ncbi.nlm.nih.gov/32436940/
https://pubmed.ncbi.nlm.nih.gov/32436940/
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